This research aimed to verify how the disposal of pesticide wastes occurs in apple orchards (Malus domestica) in the south of Brazil and to verify its compliance with current legislation. This was a quantitative, descriptive and prospective field study. The research was carried out with 82 farmers from two rural areas belonging to the municipality of São Joaquim, the largest Brazilian apple producer, located in the Serrano Plateau of the State of Santa Catarina, southern Brazil. The farmers were interviewed at home and questioned about the disposal of empty pesticide containers. The results of this research showed that most farmers carry out the proper management of the empty pesticide containers and return them to the collection stations or centers (85.5%), the other 8.5% dispose empty containers inappropriately, keeping them in the open air or burning them. It should be noted that 20.7% of farmers store these containers in the open air until they are delivered to the collection stations without any protection and exposed to people and animals. In addition, it was observed that individuals without any level of education tend to store empty containers inadequately. Thus, despite the fact that Brazil is a world reference in terms of the proper disposal of empty pesticide containers, there are still cases of non-compliance with the current legislation in relation to these procedures, and there is a need for technical guidance to workers, especially those with lower levels of education, as well as greater rigor of the legislation of supervision by the competent body.
Introduction
In the early 1980s, the debate on the effects of uncontrolled use of pesticides on health and agricultural development grew worldwide. As a result, international, national and governmental organizations have approved and implemented laws and rules to regulate the use of pesticides. The International Code of Conduct, developed by the United Nations (UN), was one of these legal provisions dealing with the Distribution and Use of Pesticides in 1985 (Food and Agriculture Organization of the United Nations [FAO], 2002) . In 2002, FAO adopted the Code of Conformity, incorporating concerns and experiences seeking to rationalize the use of pesticides in the world and reduce risks to health and to the environment (FAO, 2002) .
In addition, in 2001, the National Institute for Processing Empty Packages (INPEV) was created in Brazil, which established the Brazilian program of reverse logistics for empty containers of pesticides, known as Campo Limpo System, which helped Brazil to become a world reference in environmentally correct disposal of empty pesticide containers, with an annual average of 94% of primary plastic containers correctly marketed and destined, followed by France and Canada with 77% and 73%, respectively (INPEV, 2016) .
However, despite the achievements of the Brazilian legislation on the disposal of pesticide wastes, there are still difficulties in complying with legislation in rural areas (De Souza, 2018; Terto & Andrade, 2017) . While some European countries, concerned about the negative effects of pesticides on the environment and on the health of the population, have created strategies to avoid or restrict the use of these chemicals, Brazil regresses on this point.
Sweden, e.g., was one of the first countries to create a simple tax regime based on an environmental tax calculated by the kg of the active ingredient sold, being € 3.25 per kg of active ingredient; Norway, on the other hand, stands out because it uses a tax system whose level of taxation is determined by the area of property versus the quantity of product used according to its toxicity, with the value of taxation varying from € = 2.6 per hectare to € = 20.8 per hectare. Belgium also charges taxes on the sale of certain actives ingredients of pesticides, according to their toxicity, whose tax increases as the toxicological class increases (Skevas, Lansink, & Stefanou, 2013) .
On the other hand, Brazil has regressed in the legal aspect, making flexible, among other things, the registration and commercialization of pesticides in the country, since it is currently in the Brazilian Senate a bill that seeks to make Law 7802/89 less rigid, whose bill has already been approved in one of the stages of the process. Thus, it is clear that when comparing Brazil with other European countries, there is still much to advance in the legal aspects on pesticides (Bombardi, 2017) .
As if this were not enough, another aspect that makes the sale of these chemicals viable in Brazil is the granting of a 60% reduction in ICMS (Tax on the Circulation of Goods and Services), total exemption from PIS/COFINS (Social Security contributions) and of IPI (Tax on Industrialized Products). Thus, what remains of the tax on pesticides accounts for only 22% of the total value of the product, unlike other products which are also considered dangerous, whose tax revenue often exceeds 30%, precisely to restrict the circulation of these products in the country (Friedrich et al., 2018) .
These tax benefits and the relaxation of the legislation are justified by the government through the argument that pesticides are essential for the country's agricultural production and because they are commodities, an important factor to leverage the Brazilian Gross Domestic Product. However, this discourse constitutes a stimulus tool to commercialize actives ingredients that can no longer be freely produced or consumed in other countries due to their toxicity and the danger they pose to humans and to the environment (De Souza, 2018; Friedrich et al., 2018) .
This becomes even more serious considering that Brazil is one of the world's largest agricultural producers, whose chemical control is the most used mechanism in the management of agricultural crops (Mello & Scapini, 2016; Mecabô, 2018) and since 2008 it has become the world's largest consumer of pesticides, including actives ingredients already banned from the European market (Frazier, 2007) .
In Brazil, the southern region of the country, which includes the states of Santa Catarina, Rio Grande do Sul and Paraná, is prominent in the production of apples (Malus domestica Borkh) due to the climatic conditions of this region that favors the development of the crop, besides representing a large part of the economy of these States due to the creation of jobs and income (Maluche-Barreta, Klauberg Filho, Amarante, Genicelli, & Almeida, 2007) . The State of Santa Catarina ranks first in the national ranking of apple production with an annual average production of 525,953 tons (Instituto Brasileiro de Geografia e Estatística [IBGE], 2016).
Nevertheless, the system of apple cultivation in the country annually consumes significant amounts of pesticides, which allows the occurrence of risks, often irreversible, to human health and to the environment (Eskenazi, Bradman, & Castorina, 1999; Oliveira-Silva, Alves, & Meyer, 2001; Moreira, Jacob, & Peres, 2002; M. M. Veiga, Silva, & L. B. E. Veiga, 2006; Marques, Vieira, & Junior, 2015; Santos & Machado, 2015; Carvalho, 2017) . It is also noted that farmers in many developing countries, such as Brazil, suffer significant damage to health and to the environment through excessive pesticide application, especially in cases in which there are no regulatory laws or lack of technical guidance to manage the wastes of these substances (Dasgupta, Meisner, Wheeler, & Jin, 2002) .
In view of this panorama, this research aimed to verify how the disposal of pesticide wastes occurs in apple orchards in the south of Brazil and to verify its compliance with current legislation.
Method

Type and Place of Study
This was a quantitative, descriptive and prospective field study. The study was carried out in two rural localities belonging to the municipality of São Joaquim, the largest Brazilian apple producer, located in the Serrano Plateau of the State of Santa Catarina, southern Brazil. The municipality has an altitude of 1,350 meters and a rugged relief consisting of basalt and plateau, humid temperate climate, according to Köppen classification, annual average temperature of 13 ºC, and severe winters with frost occurrence, edaphic and climatic characteristics that favors the cultivation of temperate fruits such as apples (Secretaria do Estado de Desenvolvimento [SDR], 2003) . In addition, the vegetation prevalent in the region are forest remnants of the Atlantic Forest Biome with predominance of Araucaria angustifolia forests, a species with a current threatened conservation status. In the region there are also springs of several important rivers of the State, whose waters serve as supply to the local population (Secretaria do Estado de Desenvolvimento [SDR], 2003).
Study Participants
The first area selected for the study is characterized by the apple cultivation in small farms with the use of family labor, whose area of apple cultivation is 580.60 hectares, distributed in approximately 100 orchards. The choice for this region was due to the topographic characteristic of the region that is presented as a valley, where the orchards are arranged at the highest part of the property and the farmers reside in the lowlands, within the orchard, which favors the risk of pesticide poisoning. In addition, the cultivated areas are often situated on the slopes of rivers, which may contaminate the water and the water table through applications or improper disposal of pesticide waste. It is also worth noting that in valley regions, the solid particles released into the environment hardly dissipate and remain accumulated in the region, and that during the period of greatest demand of pesticide applications in the crop (September to January) these particles remain as mist on the site and may cause problems for farmers and for the environment.
The second studied area is composed of an apple cultivation area of 384.5 ha, totaling approximately 63 orchards and is characterized by the predominance of hired labor and service providers, also the owner of the orchard assumes the role of business manager.
Thus, we expected to carry out the survey with the 163 farmers; however, the sample of this study was composed of 82 farmers, due to the exclusion and inclusion criteria of the research that established that the interviewees should belong to the delimited localities and regardless of the size of the cultivated area. They should use the conventional or integrated system of apple production and they should agree to participate in the study of their own free will by signing the Informed Consent Term (ICT). In addition, those individuals who after three home visits were not found by the researchers were disregarded in this study.
Data Collect and Analysis
The data collection was performed through an interview with the farmers using a structured questionnaire with some open questions. The questionnaire addressed issues related to the socio-demographic data of the farmers and their properties; types of pesticides used; destination of empty containers; triple wash and rendering the containers useless. The knowledgement about the process of returning and storage of empty pesticide containers, disposal of leftover pesticides and of the water from the triple wash were asked. In addition, field observation was carried out at each farm, investigating how the empty pesticide containers were disposed and stored in the rural properties. The data collection was carried out from August to December 2017 in the residence of each farmer, and each interview lasted approximately 30 minutes.
The data obtained from the interviews were organized in Excel spreadsheets and submitted to descriptive statistical procedures (mean, percentage and standard deviation). The results were presented in charts and tables bringing resources for discussion and conclusions through quantitative descriptive analysis. Furthermore, the pesticide waste disposal data were associated with the socio-demographic data on educational level, gender and age of the participants, by means of the chi-squared test through the Statistical Package for the Social software-SPSS, version 20.
Results and Discussion
Characterization of Properties and Farmers
In this study, data were collected from 82 farmers who grow apples, 85.4% of which are male and 14.6% are female. The mean age of participants was 46 (±14) years old. The largest number of workers was in the age group of 40 to 49 years old. However, 16 farmers were over 60 years old and only one individual was under the age of 20, evidencing the aging of the farmer and the presence of few young people in the field to continue the work, which could jeopardize the future of Brazilian family farming. According to Bedor (2009) , it is not common to find a large number of young people in the agricultural sector, since the living conditions of most workers are compromised by low income, temporary contracts and they often have no guarantee of a promising future which makes young people look for new job and income opportunities in other areas.
Concerning the educational level, 40% of the farmers did not complete elementary school, 22% completed high school, 4% have technical education and only 2% completed higher education. Low educational level may negatively influence the management of family property, regarding the use of new scientific techniques, as well as the perception of the farmer about the importance of the correct use of pesticides and the sustainability of his property (Viana, Queiroz, & Ribeiro, 2017) . The low level of education of the farmers associated to the absence of adequate technical guidance during the production process may imply the difficulty of reading and interpreting pesticide labels since most of the information is technical (Ribeiro, de Moura Alves, & de Moura Lustosa et al., 2017) . On the other hand, more educated farmers may handle pesticides with greater care, avoiding their exposure to chemicals (Dasgupta et al., 2002) .
Regarding the type of relationship of the interviewee with the property, the majority (88%) owns the orchard and uses family labor (94%). It is worth noting that family farming in Brazil represents 84% of Brazilian rural establishments, and is composed of approximately 4.4 million families responsible for producing more than 50% of the food in the Brazilian cesta básica (set of products used by a family during the period of one month) (IBGE, 2017) .
Employee hiring varied between 0 and 20 people (μ = 3±4) and occurs especially at the end of the crop of apples due to the harvest. In this period, there is a greater demand for labor since it is a short period and fruits should be harvested as soon as they ripen to avoid post-harvest losses (De Lima, Grützmacher, & Krüger, 2009 ).
The studied properties presented a mean of 38.1 ha (SD±73.8 ha), whose cultivated area ranged from 1 to 27 ha (μ = 5±4), with a mean production of 52 tons/ha of apple (SD±21 tonnes/ha). The production of apples in the region may be considered high, since it surpasses the mean productivity of apples in Brazil, which varies from 15 to 30 tons/ha in orchards conducted with modern and sophisticated techniques (Serviço Brasileiro de Apoio às Micro e Pequenas Empresas [SEBRAE], 2018). Of the properties visited, 95% receive technical assistance and the system of cultivation is predominantly conventional (81%); however, there is a small portion under the integrated system of cultivation (19%). The integrated system is the joint use of techniques and practices, with emphasis on the reduction of pesticides, prioritizing biological, cultural and physical methods to control pests and diseases, reducing the risks of environmental contamination and preserving human health (Farias et al., 2003) . Unfortunately, in this research, few farmers have reported using this cultivation practice.
Use of Pesticides by Farmers
The farmers in the region make use of 29 actives ingredients of pesticides distributed in 38 formulated products. Of the used formulated products, 71% correspond to the class of fungicides, 18.4% to the class of insecticides and 5.3% to the class of herbicides and acaricides (Appendix A).
The pesticides Mancozeb (Dithane®), fenitrothion (Sumithion®), difenoconazole (Score®) and Captan (Captan®) were the pesticides most used by the interviewed farmers 78.05%, 60.97%, 57.32% and 52.44% of the interviewees make use of these products, respectively (Complementary Material). The study conducted by Da Rosa et al. (2018) with farmers who cultivate apples in the municipality of São Joaquim, Santa Catarina, also detected that the fungicides Dithane® (Mancozeb) and Captan® (Captan) were among the most used during the flowering period of the apple for the preventive control of apple scab (Venturia inaequalis). These pesticides correspond to toxicological classes between average and extremely toxic, and to environmental class very dangerous to the environment. This makes these products dangerous if handled and/or disposed in the environment without any care (Frazier, 2007) .
The Dithane® fungicide, although banned in several countries, is still widely used in Brazil and in several agricultural crops (Vinha, de Oliveira Pinto, & Pinto, 2011) . According to the same authors, this product may cause serious impacts to health, such as cancer, mutation and malformations in the fetus. A number of studies jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 10; have shown that many of the pesticides used in agriculture have contributed to potential risks of environmental and human contamination (Eskenazi et al., 1999; Oliveira-Silva et al., 2001; Moreira et al., 2002; Veiga et al., 2006; Marques et al., 2015; Santos & Machado, 2015; Carvalho, 2017) .
Management of Empty Pesticide Containers
Triple wash is the cleaning of the empty containers with water and shaking them three times, whose leftovers are dumped in the spray tank or stored in a specific reservoir for this purpose (Gerassi, 2010) . This procedure is carried out because the improper destination and washing of pesticide containers cause several problems to the environment, such as soil, water sources and air contamination, and simultaneously problems to human health (Eskenazi et al., 1999; Moreira et al., 2002; Veiga et al., 2006; Marques et al., 2015; Santos & Machado, 2015; Carvalho, 2017) .
Most of the interviewees (87.8%) are aware of the obligation of triple wash, 90.2% carry out this procedure, 76.8% render the empty containers useless, and 86.6% do it at a distance of more than 30 meters from their residence, and usually in a specific place for this purpose, in the orchard itself (64.8% of respondents). However, 9.8% of the farmers do not carry out the triple wash and 6.1% of the interviewees never render empty containers useless and 11% do not always render these containers useless.
According to Brazilian Laws 7,082/1989 and 9,974/2000, users who purchase pesticides have the obligation to return the empty containers to a collection station or to the seller, who must return them to the manufacturer, following the reverse logistics process, as defined by the National Solid Waste Policy (Law no. 7,802/1989) . According to the INPEV, during the return of the containers, in order to be accepted at the collection stations, it is necessary that the bottles are clean, rendered useless and with their caps stored separately (INPEV, 2016) . In this case, the farmer must carry out the triple wash, in addition to rendering them useless by perforating the bottom of the container to return.
In this study, 20.7% of the interviewees stored the empty pesticide containers in a shed along with other agricultural and domestic products, and another 20.7% stored them in the open air without any protection and exposed to people and domestic animals, and only after this they return them. In Ardabil province, Iran, a study with 185 apple producers found that 32.8% of the respondents disposed and/or stored the empty pesticide bottles in the orchards themselves, while 30.2% reported that they bury empty containers (Bagheri et al., 2018) . The storage location of empty containers is important because when stored unproperly, pesticides pose little risk to human health and to the environment (Huici, Skovgaard, Condarco, Jørs, & Jensen, 2017) . In a survey carried out in two municipalities of Santa Cruz, Bolivia, with 361 farmers, the data found show that in the visited properties the empty pesticide containers are treated as any other bottle, without any utility and without danger, therefore, they are stored and disposed in inappropriate places without any care (Huici et al., 2017) . Thus, it is well-known that the problems related to the neglect of the storage and disposal of empty pesticide containers is not only a regional or national problem, however, it is a global problem, especially in underdeveloped or developing countries.
Regarding the disposal of empty containers, the majority (85.5%) of the interviewees delivered the pesticides at the place of purchase. Nonetheless, 7.3% of farmers keep the containers stored in the open air without returning them, a worrying fact, for the possibility of human and environmental contamination is enormous. Since, these containers are contaminated by toxic products and their constituent material is not biodegradable. In addition, 1.2% of the interviewees still practice a technique that has been irregular for a long time which is the burning of empty containers (Figure 1 ). Thus releasing into the environment a series of toxic gases, such as dioxins, dibenzofurans, polycyclic aromatic hydrocarbons, furans and the suspended solids (PM10 and PM2.5) (Marnasidis, Stamatelatou, Verikouki, & Kazantzis, 2018) . It should be noted that PM2.5 currently represents one of the main air pollutants at the global level and is classified as the fifth mortality risk factor in the world, accounting for 7.6% of total global deaths in 2015 (Cohen et al., 2018) .
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The level of education of the farmers also showed a significant association with the distance between the washing place of the empty pesticide containers and their residence (p < 0.001) ( Table 2 ). In this case, it is observed that the only farmer who has incomplete higher education reported that he does the washing of these containers at a distance of less than 30 meters from his residence ( Table 2) , showing that even with a high level of education, the management of pesticides may be inadequate, possibly due to the farmer's neglect to recognize the potential risks associated with improperly performing such activity. 
Conclusion
The results of this research show that the disposal of pesticide wastes in apple orchards in the southern region of Brazil has been adequately performed. However, it is noteworthy that in this region, part of the storage of empty pesticide containers still occurs in the open air, without any protection, and exposed to people and animals and in some cases, in an inappropriate destination. It is also possible to observe that part of the farmers do not carried out the triple wash and do not render the empty pesticide containers useless.
The lack of knowledge of the farmers on the management of pesticide wastes is serious, especially when farmers do not have any level of education because they tend to carry out the storage of empty containers incorrectly and in disagreement with the current legislation, making it a risk factor for your health and for the environment. 
